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THE EFFECTS OF A FALL PRESCRIBED BURN ON HEMILEUCA 
EGLANTERINA BOISDUVAL (SATURNIIDAE) 

Paul M. Severns 1 

U.S. Army Corps of Engineers, Willamette Valley Projects, Box 429, Lowell, Oregon 97452, USA 

ABSTRACT. Autumn prescribed burning is often used to manage a rare wet prairie plant community endemic to the Willamette Valley in 
western Oregon, USA. A local race of day flying Satumiid moth, Hemileuca eglanterina , was used to investigate the effects of a prescribed burn 
on adult, larval, and egg mass abundance contrasted with an adjacent unbumed area. Adult male moths were not more frequently encountered 
in die burned habitat but female H. eglanterina laid more dian twice as many egg masses in the burned compared to die unbumed habitat in 
die bum year. Furthermore, females laid significantly more egg masses on die burn edge in the bum year (p < 0.001), suggesting diat H. eglante¬ 
rina chose to oviposit on burned host plants over unburned host plants. Egg masses laid before the prescribed bum did not survive the fall fire, 
demonstrating that die management practice is catastrophic for the immature population. Although fire can substantially reduce immature Lep- 
idoptera populations, some species living in ecosystems diat had a frequent historic fire return internal may benefit from the ecological release 
caused by a prescribed bum. Fires consuming entire habitat parcels of fragmented ecosystems may lead to population bottlenecks and an in¬ 
creased frequency of inbreeding. Conservative prescribed burning practices with unburned refugia may be the most effective way to manage 
for the conservation of rare grassland plant communities and their insect fauna. 

Additional key words: fire, grasslands, maternal investment, fire-adaptation, buckmoth. 


Many grassland ecosystems historically experienced 
wild or anthropogenic fires that maintained floral 
structure and community composition (Vogl 1974). 
Grasslands the world over have suffered substantial re¬ 
ductions in area from urbanization, agricultural devel¬ 
opment, habitat fragmentation, and successional 
change following the suppression of wildfires. Pre¬ 
scribed burning is frequently employed to manage 
grasslands for rare plants and maintain a primarily 
herbaceous plant community by restoring a past eco¬ 
logical process (Leach & Givnish 1996, Pendergrass et 
al. 1998a, b). Fires, prescribed or wild, are generally 
catastrophic for immature insects that live above or 
near the ground level (Fay & Samenus 1993, Schultz & 
Crone 1998) and may also kill adult insects that are 
weak fliers (Morris 1975, Panzer 1988). The effect of 
prescribed burning on insect abundance often differs 
between insect families and even among individual 
species of the same genus (Crawford & Harwood 1964, 
Cancelado & Yonke 1970, Bertwell & Blocker 1975, 
Evans 1984, Benzie 1986, Siemann et al. 1997, Blanche 
et al. 2001, Panzer & Schwartz 2001), suggesting that 
some species benefit from fire while others do not. 
Lepidoptera communities also appear to have fluctuat¬ 
ing or unpredictable adult abundance between burned 
and unbumed treatments (Swengel 1996,1998, Fleish¬ 
man 2000, Panzer & Schwartz 2001), intimating that 
Lepidoptera response to fire may be species specific. 

Swengel (1998), Panzer and Schwartz (2001), and 
Siemann et al. (1997) all mention that prairie inhabit¬ 
ing insects, especially prairie endemics, are likely to be 
adapted to cope with fires. 1 investigated the effects of 
a prescribed burn on Hemileuca eglantehna Boisduval 
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(Saturniidae), a dayflying moth of western North 
America, which occupies a unique wet prairie ecosys¬ 
tem in the Willamette Valley of western Oregon, USA. 
Historically, the Willamette Valley w r as burned on 
nearly an annual basis by Native Americans to increase 
native food crops and aid in hunting (Boyd 1986). Wet 
prairie fires are typically low intensity and burn quickly 
over the grassland consuming the low levels of avail¬ 
able fuel (pers. obs.), which is generally true for most 
grasslands (Agee 1993). Translocation of heat from a 
wet prairie bum rarely reached soil depths >6.0 cm 
(Pendergrass 1995). Because of the historical role that 
anthropogenic fires had in maintaining the Willamette 
Valley prairie flora, autumn prescribed burns are em¬ 
ployed to manage the remnant prairie plant communi¬ 
ties (Pendergrass et al. 1998b). The effect of pre¬ 
scribed burning on the floral community has been 
studied intensively by Pendergrass (1995) and Taylor 
(1999), but the consequence of fall fires on wet prairie 
insects has not yet been investigated. 

I chose H. eglanterina as a study species because: 

(1) it lays eggs in masses that are conspicuous (Fig. la); 

(2) it is monophagous at the study site; and (3) the lo¬ 
cal race of H. eglanterina appears to be ecologically 
and temporally restricted to the wet prairie. Temporal 
difference in flight times of two to three weeks and el¬ 
evation separates the wet prairie from the montane 
moth populations. Moreover, the wet prairie popula¬ 
tions appear to be ecologically restricted to the wet 
prairie because 1 have not located H. eglanterina in the 
nearby oak woodlands, upland prairie, or riparian ar¬ 
eas surrounding occupied wet prairie sites. H. eglante¬ 
rina are considered polyphagous throughout their 
range, accepting host species from the Salicaceae, 
Rosaceae, Rhamnaceae, and Aceraceae (Ferguson 
1971), but use only Rosa nutkana in the wet prairie, 
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Fig. 1. Immature lifestages of wet prairie H. eglanterina 
early 3rd instar larvae. 


i, Egg mass laid on the apical end of Rosa nutkana; b, A group of late 2nd and 


despite the presence of other reported larval host 
species (pers. obs.). 

Owing to a frequent historical fire return interval in 
the Willamette Valley, it is possible that native wet 
prairie Lepidoptera have developed adaptations re¬ 
lated to fire survival and behaviors that exploit vacant 
ecological niches created by the fire. This paper re¬ 
ports the behavioral and life history response of H. 
eglanterina to a fall prescribed burn that bisected a 
wet prairie moth population. I monitored the adult, 
larval, and egg populations to describe the demo¬ 
graphic differences of each life stage in the burned 
and unburned habitat. Specifically, I tested the hy¬ 
pothesis that II. eglanterina adults were differentially 
attracted to burned prairie and that egg masses were 
adapted to fire survival. 

Materials and Methods 

Study site. Willamette Valley wet prairie is a sea¬ 
sonally inundated grassland ecosystem currently exist¬ 


ing in fragments that total <1% of its historical ex¬ 
panse. Due to the sizable loss of habitat, Willamette 
Valley wet prairie represents one of the most endan¬ 
gered ecosystems in the U.S. (Noss et al. 1995). The 
wet prairie ecosystem contains four endemic plant 
species listed as either threatened or endangered 
(Oregon Natural Heritage Project 2001), and it is 
dominated by tufted hairgrass ( Deschampsia cespitosa 
L., Poaceae), camas lily ( Camassia quamash Pursh, 
Agavaeeae), dwarf wooly sunflower ( Eriophijllam lanai 
tum Pursh, Asteraceae), Halls aster (Aster hallii 
Cronq., Asteraceae), and nootka rose (Rosa nutkana 
Presl., Rosaceae). 

I selected Amazon wet prairie Research Natural 
Area (RNA), in the southern Willamette Valley ap¬ 
proximately 10 km west of Eugene, Oregon, USA (Fig. 
2) as the study site because of its relatively large size 
and the integrity of the native plant community. In Oc¬ 
tober 1998, the U.S. Army Corps of Engineers burned 
16.2 ha of a 33 ha wet prairie parcel to control exotic 
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Fig. 2. Map of Oregon and the relative location of the prescribed bum study site. The insert shows the bum edge eight months following 
the prescribed bum. 


plants and encourage the native wet prairie plant com¬ 
munity. The other half of the parcel was left unbumed. 

Study species. Hemileuca eglcinterina is a large, di¬ 
urnal moth species ranging west of the Rocky Moun¬ 
tains from southern California, USA to southern 
British Columbia, Canada. Adults fly in early July 
through the middle of August in the Cascade and 
Coast Range mountain populations >1500 m eleva¬ 
tion, but fly from mid August through late September 
in Willamette Valley wet prairie (=100 m elevation). 
Wet prairie H. eglanterina oviposit eggs in early Sep¬ 
tember and remain in diapause until the beginning of 
April. Instars 1-3 are gregarious on Rosa nutkana (Fig. 
lb) but disperse in the 4th instar. The larvae are armed 
with urticating spines that can range from mildly irri¬ 
tating to as painful as a honeybee (Apis mellifera L., 
Apidae) sting when pressure is applied to the spines 
(pers. obs.), which is common in the genus (Ferguson 
1971). 

Adult abundance. To sample adult abundance I 


placed two macroplots, each 0.41 ha and marked with 
2 m tall metal rebar sections, in the center of the pre¬ 
scribed burn and control treatments. For one hour 
during the peak flight period, 1100-1400 h, on three 
separate occasions in two preburn years and the burn 
year from mid to late August, adult moths flying 
through the burn and control macroplots were cap¬ 
tured and marked on the ventral hindwing with a per¬ 
manent marker, then released. All adults flying 
through the macroplots were counted whether they 
were marked or captured. I used the number of adult 
fly-throughs as a relative abundance index to identify 
any adult bias for burned or unbumed habitat. In ad¬ 
dition to direct adult observations, the location of egg 
masses with respect to the burn treatment was used as 
an indicator for the presence of adult female moths. 

The burn year is defined as the first calendar year 
from the time of the burn, October 1998-October 
1999, the preburn year as October 1997-September 
1998, and the postburn year being from November 
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Table 1. Adult, larval, and egg population data collected from the burned and unbumed treatments for H. eglanterina in the Amazon RNA 
study site. * = significantly different when p < 0.05. 


Demographic measure 

Burn treatment 

Unbumed (control) 

Statistical analysis 

# of adults observed/macroplot 

Prebum year 1 

34 

27 

Chi-square test 

Prel/Pre2 p > 0.05 

Prebum year 2 

39 

36 

Pre2/Bum p > 0.05 

Bum year 

48 

41 

Prel/Bum p > 0.05 

# of larvae/macroplot 

Prebum year 

64 

136 

Chi-square test 

Pre/Bum p < 0.0001* 

Burn year 

0 

370 

Bum/Post p < 0.0001* 

Postbum year 

258 

185 

Pre/Post p < 0.001* 

# of egg masses laid on the burn edge 

Bum year 

10 

0 

Fisher Exact test 

p < 0.001* 

Postbum year 

1 

5 


# of egg masses for the entire burned and unburned area 

Bum year 

39 

17 

Chi-square test 

p > 0.05 

Postbum year 

34 

24 



1999-October 2000. H. eglanterina fly from mid Au¬ 
gust through late September at the study site and laid 
eggs before the prescribed burn. 

Larval abundance. To detect larval population dif¬ 
ferences in the burned and unburned habitat, I di¬ 
rectly counted all of the H. eglanterina larvae in the 
two macroplots that were used for the adult sampling. 
I counted larvae in the first week of May of the pre¬ 
bum, burn, and postburn years. 

Egg mass abundance and fire adaptation. I 
searched for egg masses during late April and early 
May of the bum and postbum years in the entire study 
site. Line transects approximately 15 m apart were 
walked throughout the entire burn (~16 ha) and con¬ 
trol (~16 ha) areas, inspecting each Rosa nutkana plant 
for early instar larvae. The number of egg masses en¬ 
countered and the number groups of 1st instar larvae 
for which no egg masses could be found were com¬ 
bined into a total egg mass census for the burned and 
unburned areas. 

To determine if egg masses were adapted for fire 
survival, I located five egg masses and followed their 
fate immediately following the bum. I noted any qual¬ 
itative differences in the egg masses before and after 
the bum. 

Female preference for oviposition was measured by 
the number of egg masses laid on the burned or con¬ 
trol side of the burn edge. The burn edge (Fig. 2), ap¬ 
proximately 500 m long, was sampled +30 m on each 
side of the edge for the entire length of the burn 
boundary. The amount of host plant appeared to be 
more or less equivalent on both sides of the bum edge. 

Adult, larval and egg mass analysis. The number 
of egg masses found on the burned side of the edge 
was compared to the number of masses found on the 
unburned edge among years and the burn treatment 


using a Fishers exact test. Differences in adult abun¬ 
dance, the number of larvae in each macroplot, and 
the number of egg masses laid in the burned and un¬ 
burned areas were assessed among years and between 
burn treatments by Chi-square tests. 

Host plant response and analysis. Host plant re¬ 
sponse to the prescribed burn was measured in the 
first and second week of June in the burn and post¬ 
burn year. I estimated R. nutkana cover in sixteen 30 
m long X 1 m wide belt transects randomly located in 
each burn and control macroplot. Cover measure¬ 
ments were made in 1 m 2 subplots for ease and accu¬ 
racy, then weighted and added together to yield cover 
for the belt transect. Host plant stature was divided 
into height classes, 0-25 cm and >25-50 cm, and the 
cover of each height class was visually estimated to the 
nearest 1%, for 1-10% cover, and in 5% increments 
thereafter. R. nutkana cover estimations were per¬ 
formed by the author for consistency between and 
within years. Host plant height class cover differences 
between treatments (burn vs. control) within years 
were analyzed using a Mann-Whitney U- test. All sta¬ 
tistical analyses were performed with the NCSS (2000) 
statistical package. 

Results 

Adult, larva, and egg mass populations. Adult 

abundance did not differ between burned and unbumed 
prairie between the two prebum years and the bum year 
(Table 1). The number of egg masses censused in the 
bum year from the burned (16.2 ha) and unbumed (16.2 
ha) habitats was nearly twice as high in the burned area 
compared to the unbumed area in the bum year (Table 
1), suggesting that female moths preferred to lay eggs on 
burned rose. A similar distribution of egg mass number 
occurred in the postbum year, however there were no 
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statistical differences in egg mass number within bum 
treatments and between years (Table 1). Egg mass num¬ 
ber from the bum edge habitat was significantly differ¬ 
ent (p < 0.001) between the bum and postbum year 
among the bum and unbumed edge treatment, indicat¬ 
ing that females preferred to oviposit on the burned 
plants in the bum year (Table 1). 

The fire destroyed the five egg masses found imme¬ 
diately following the burn. Many of the eggs appeared 
to have boiled and then ruptured from the heat of the 
bum, giving the appearance that they had hatched. 
Larva number in the burned macroplot of the burn 
year was lower in the burn year compared to all other 
years (Table 1), indicating that none of the egg masses 
laid before the burn produced 1st instar larvae. 

Host plant response. In the bum year, the amount 
of R. nntkana in the <25 cm height class did not statis¬ 
tically differ between the control and bum plots (mean 
cover = 0.22 m 2 /transect ±0.06 Mann-Whitney U -test 
p = 0.85), but there was significantly more rose from 
the 25-50 cm height class in the control plot compared 
to the burn plot (bum = 0.21 m 2 /transect ±0.1 m 2 ; un¬ 
burned = 0.62 m 2 /transect ± 0.1 m 2 Mann-Whitney 
U -test p = 0.018). The postburn year experienced no 
significant rose quantity differences between treat¬ 
ments in the <25 cm height class (mean cover = 0.174 
m 2 /transect ± 0.05 m 2 Mann-Whitney U-test p = 
0.895) and the 25-50 cm height classes (mean cover = 
0.645 m 2 /transect ± 0.20 m 2 Mann-Whitney 17-test p = 
0.11). These comparisons suggest there was more H. 
eglanterina host plant available in unbumed areas dur¬ 
ing the bum year when females laid eggs. 

Discussion 

Adult abundance, measured by the number of indi¬ 
viduals observed flying through the macroplots in the 
bum and unbumed areas, was not significantly differ¬ 
ent between years or the bum treatment (Table 1), ar¬ 
guing against the hypothesis that adult moths prefer 
recently burned prairie to adjacent unburned prairie. 
However, females laid more than twice as many egg 
masses in the burned compared with the unbumed 
prairie during the burn year (Table 1), implying there 
was a burn bias that was not detected through direct 
adult observations. Examination of the egg mass place¬ 
ment on the bum edge, where moths were assumed to 
have made a choice to oviposit between burned or un¬ 
burned plants, suggested that reproductive effort was 
directed towards the burned plants in the burn year 
(Table 1). Maternal preference for the burned area 
and the bum edge in the burn year supports the hy¬ 
pothesis that female H. eglanterina were attracted to 
the burned area. 


The discrepancy between adult and egg mass abun¬ 
dance may be explained by the gender of adult moths 
surveyed by each method. In the combined 18 hours 
of adult sampling among the three years, no females 
were detected. In fact, over the last five years of visit¬ 
ing the study site I observed only three females 
amongst hundreds of male observations. During the 
two preburn years and the burn year adult sampling 
effort, male H. eglanterina patrolled the study site in 
roughly circular flight patterns (presumably searching 
for females) over large areas of the entire prairie, en¬ 
compassing both the burned and unburned areas. 
Since egg mass counts and adult abundance appeared 
to effectively measure the relative occurrence of the 
two genders, it is not surprising that the results are in¬ 
consistent with each other, especially if there are be¬ 
havioral differences between genders. 

Differences in the effect of prescribed burning on 
adult abundance and the number of egg masses laid 
demonstrates the need to sample multiple lifestages 
within a species to estimate the effects of prescribed 
burning. For example, if only adult abundance was 
used to determine the effects of fire, I would have con¬ 
cluded there were no effects on the population. Con¬ 
versely, if burn affinity was based solely on egg mass 
number, I could have inferred that adult distribution 
was biased towards the bum area. Basing the effects of 
the prescribed burn on larval abundance would have 
yielded a conclusion that the fire was catastrophic. 
Many studies often rely heavily on adult abundance to 
describe the effects of fire on Lepidoptera (Swengel 
1996, 1998, Fleishman 2000, Huebschman & Bragg 
2000, Panzer & Schwartz 2001). However, in this 
study direct adult H. eglanterina observations yielded 
a non-significant treatment response (Table 1), sug¬ 
gesting that adult observations of vagile lepidopterans 
may not be adequate to assess the effects of fire on 
study populations. Sampling all lifestages and monitor¬ 
ing abundance may narrow the variability of results in 
any community study, but measuring abundance of 
multiple lifestages is time consuming. Perhaps focus¬ 
ing on a subset of specialist, generalist, widely distrib¬ 
uted, and locally restricted species may yield general- 
izable trends concerning the effects of fire on 
Lepidoptera natural history, conservation, and com¬ 
munity response. 

Although H. eglanterina egg masses showed no evi¬ 
dence of being resistant to fire, there may be an ad¬ 
vantage to insect species that colonize recently burned 
areas in an ecosystem that experiences frequent fires. 
Larvae feeding on plants in a burned area may experi¬ 
ence higher quality food (McCullough & Kulman 
1991, Stein et al. 1992) which could result in a rapid 
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population size increases if survivorship and fecundity 
is increased by food quality. Recently burned habitat 
should also have a number of exposed niches, from fire 
induced mortality on immature insects, that can tem¬ 
porarily be exploited by opportunistic species. Fur¬ 
thermore, females choosing to oviposit in a burned 
area may impart increased survival to their progeny. A 
recently burned area would tend to have a low fuel 
load than an area that has not been burned, resulting 
in a fire that is not as hot as the original one, and per¬ 
haps increased survival of egg masses. Two egg masses 
that produced numerous 1st instar larvae were found 
on the burn edge where the fire was extinguished, sug¬ 
gesting egg masses may be resilient to slightly elevated 
temperatures above the ambient. 

Lepidoptera conservation and prescribed 
burning. The number of larvae observed in preburn, 
burn, and postburn years within the macroplots 
demonstrated that fire was lethal for egg masses laid 
immediately before the burn and larvae did not move 
into the burned area (Table 1). Complete mortality of 
eggs and larvae from prescribed burning has been al¬ 
luded to in other studies (Siemann et al. 1997, Swen- 
gel 1998, Panzer & Schwartz 2001) and demonstrated 
directly in gall forming wasps (Fay & Samenus 1993) 
and a Lyceanid butterfly (Schultz & Crone 1998). The 
mortality of immature lifestages inspires criticism for 
the effects of prescribed fire on rare Lepidoptera 
while managing for plant communities (Pyle 1997, 
Schlict 6c Orwig 1999). In cases where entire prairie 
fragments are burned, the high mortality of immature 
life stages may indeed be a cause for concern, as high 
immature mortality rates may result in population bot¬ 
tlenecks. Increasingly smaller population sizes in but¬ 
terfly populations have been linked to an increase in 
the risk of population extinction (Nieminen et al. 
2001). However, when land parcel subdivisions are not 
frequently burned, lepidopteran populations may be 
less likely to experience a catastrophic loss of individu¬ 
als affecting the overall population fitness. 

This study suggests that prescribed burning has the 
potential to limit or encourage the H. eglanterina 
population depending on the size of the burn, the 
presence of a colonizing population, and burn fre¬ 
quency. Unfortunately, I was unable to measure sur¬ 
vivorship and vigor of larvae in the field to determine 
the effects of the burn on the intrinsic rate of popula¬ 
tion growth, and this information is essential to deter¬ 
mining if the maternal bias for burned plants has an 
adaptive value to the population. Without survivorship 
estimates, it can not be known if a burn area acts as a 
population source or sink, and a strong argument for 
or against prescribed burning cannot be given. Schultz 


and Crone (1998) recommended burning for a 
Willamette Valley upland prairie endemic butterfly, 
Icaricici icarioides fenderi Macy. They proposed that a 
rotation of small scale prescribed bums within the but¬ 
terfly’s habitat could maximize the growth rate of the 
butterfly population while still managing for invasive 
plant species and die native plant community. Less de¬ 
structive methods of managing grasslands, such as 
mowing, may also be a viable management practice 
combined with rotations of smaller burns, as H. 
eglanterina egg masses were observed to survive a fall 
mowing event (pers. obs.). 
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